When grown under appropriate conditions, rat myoblasts (L6 cells) differentiate into skeletal muscle-like myotubes and provide a valuable cell culture model for the study of specific muscle gene regulation both during and following myogenic differentiation. Specific culture conditions are required for differentiation and fusion of these cells, including substrate attachment, cell confluence, and prolonged time in culture under defined hormonal conditions (1, 12) . Differentiation results in irreversible growth arrest, and detachment or cell passage following initiation of this process results in loss of the differentiated phenotype. Because most mammalian cell transfection protocols require detached or actively growing cells for efficient gene transfer, these techniques are generally unsuitable for studies requiring gene transfer into completely differentiated, quiescent monolayers of myotubes. We have characterized the hormonal regulation of hexokinase II in L6 cells (9) and sought to study the regulation of transiently transfected chimeric fusion genes to further define the cis -acting motifs that mediate this regulation. To this end, we attempted gene transfer by conventional calcium phosphate (Ca • P) precipitation but found this technique to be unsuitable for our needs. Dong et al. (5) recently reported that the use of polycationic poly-L -ornithine (PLO), coupled with dimethyl sulfoxide (DMSO) shock, provided a simple and efficient method for gene transfer into growth-arrested Chinese hamster ovary (CHO) cells. We found that this method could also be used for the transient transfection of differentiated myotubes in culture.
Mycoplasma-free L6 cells were obtained from the ATCC (Rockville, MD, USA) and were used within 12 passages. Myotubes were differentiated and maintained in 100-mm culture dishes as described previously (9) . Differentiated cells uniformly exhibited the characteristic multinucleation, fusion and morphologic appearance of myotubes. These cells were routinely maintained in Dulbecco's modified Eagle medium (DMEM) supplemented with 2% horse serum for up to seven days prior to transfection. Poly-L -ornithine • HBr (PLO), obtained from Sigma Chemical (St. Louis, MO, USA), was prepared as an aqueous 1000 ×stock solution (10 mg/mL) that is stable for at least 1.5 years when stored as frozen aliquots at -20°C, even after repeated freeze-thaw cycles. Several different chimeric fusion gene constructs were employed in gene transfer experiments. pSV2 • CAT and pSV• β -gal contain the SV40 viral promoter and enhancer ligated to a chloramphenicol acetyltransferase (CAT)and a β -galactosidase reporter gene, respectively. pRSV• luciferase contains the Rous sarcoma virus promoter and long terminal repeat fused to a luciferase reporter gene.
Optimal transfection with PLO was achieved by incubating cell monolayers with 3 mL of DMEM supplemented with 2% horse serum, 30 µ g PLO (10 µ g/mL) and 10-15 µ g total plasmid DNA. After incubation in 5% CO 2 at 37°C for 6-8 h, cells were shocked with 5 mL DMEM supplemented with 2% horse serum and 25% DMSO for 5-7 min. In parallel transfections, Ca • P   40BioTechniques Vol. 20, No. 1 (1996) precipitation was performed by the method of Chen and Okayama (3), which we have successfully employed to transfect other cell lines (8) . After transfection, cells were washed twice and incubated in serum-free DMEM for 40-48 h before harvesting by trypsinization. Transfected cell extracts were prepared, stored and assayed for CAT activity as described by Nordeen et al. (7) . Luciferase activity was measured by the method of De Wet et al. (4) . Reporter gene expression was routinely normalized for extract protein content as measured by the method of Bradford (2) . Cells transfected with pSV2 • β -gal were fixed and assayed histochemically for β -galactosidase expression as described by Sanes et al. (11) .
Fifteen experiments were performed employing PLO for pSV2 • CAT gene transfer into L6 myotubes. CAT activity in extracts derived from transfected myotubes was consistently and significantly higher than background measurements obtained using extracts from untransfected or mock-transfected cells. In fact, the signal-to-noise ratio (SNR) for measureable pSV2 • CAT expression in these cells was 152 ± 24 (mean ± SEM) fold higher than background ( P<0.0001 by both ANOVA and two-tailed paired t -testing) and was comparable to that seen with pRSV• luciferase. Histochemical examination revealed that when PLO was used to transfect differentiated cell monolayers with pSV• β -gal, approximately 5%-10% of the cells exhibited some degree of reporter gene expression. This suggests that the present method is comparable in transfection efficiency to that described for more conventional methods in other cell lines.
We directly compared PLO-mediated gene transfer with conventional Ca • P precipitation in three separate experiments. Both methods were used to transfect paired monolayers with identical reporter gene constructs. Whether transfected alone or together, the expression of both pRSV• luciferase and pSV2 • CAT was significantly higher ( P<0.0001 by ANOVA) in PLO-transfected cells (see Figure 1 ). Myotubes transfected with either fusion gene using the PLO method consistently exhibited over 100-fold greater reporter gene expression than identical cells transfected by the Ca • P precipitation method. In contrast, the SNR for measured expression of these constructs transfected by Ca • P precipitation was typically less than 2, suggesting ineffective gene transfer and/or reporter gene expression. Expression of cotransfected pRSV• luciferase and pSV2 • CAT was used to compare transfection efficiency within and between experiments; and, although transfection efficiency varied from experiment to experiment, the efficiency of gene transfer typically varied less than twofold within a given experiment.
The efficiency of any transfection method is dependent upon both cell type and growth status. Although Ca • P precipitation has been sucessfully employed for gene transfer into L6 myoblasts prior to differentiation (6,10,13), to our knowledge there have been no previous reports of successful gene transfer into fully differentiated myotubes. In fact, we and others (Sherrie Tafuri, Parke-Davis Pharmaceutical Research Division, personal communication) have had difficulty achieving efficient gene transfer into L6 myotubes, prompting us to seek alternative methods of transfection. Unfortunately, when gene transfer by conventional Ca • P precipitation is inefficient or unsuccessful, as in the case of L6 myotubes, alternative strategies (e.g., lipofection or electroporation) are frequently either expensive or impractical for studies of fusion gene regulation. Although subconfluent myoblasts can be stably transfected and evaluated for transgene regulation following myogenic differentiation (10, 14) , such a strategy is tedious and impractical for studies employing large numbers of constructs for transfection. Moreover, such a strategy does not provide a mechanism for studying gene regulation independent of myogenic differentiation.
In addition to being efficient, the present method is technically much easier to perform than Ca • P precipitation, and we have not found it necessary to change the culture medium immediately before transfection, as is usually required when transfecting exponentially growing, freshly plated cells by other methods. All transient transfection protocols are injurious to cells. However, the PLO method appears to be better tolerated by L6 myotubes than Ca • P precipitation, as reflected in cell morphology, attachment, protein content and reporter gene expression. This protocol has proven similarly effective for transient gene transfer into differentiated mouse (C2C12) myotubes. It is not, however, uniformly successful for all quiescent cells, as rat hepatoma (H4IIEC3) cells are inefficiently transfected by this method. In fact, transient transfection into hepatoma cells by this method is approximately two orders of magnitude less efficient than conventional Ca • P precipitation of identical fusion gene constructs. Nonetheless, the PLO method may be useful in the transfection of cells that are not easily transfected by conventional methods.
In summary, we have employed the method of Dong et al. to accomplish efficient gene transfer into differentiated, quiescent L6 myotubes. To our knowledge, this is the first use of the PLO technique for gene transfer into a cell type that has been differentiated in vitro, thus allowing the study of gene regulation while minimizing or obviating any confounding effects associated with differentiation. This inexpensive transfection method is simpler to perform and considerably more efficient for gene transfer into L6 myotubes than conventional Ca • P precipitation. Moreover, the use of PLO rather than Ca • P may obviate problems with disrupted signal transduction in cells that depend upon Ca ++ -dependent signaling mechanisms for endogenous or chimeric fusion gene expression. (January 1996) Bacterial electroporation is an extensively used method by which plasmid DNA can be transformed into Escherichia coliat high efficiency. For high efficiency electroporation, it is essential to have the resistance of the electroporation medium as high as possible. This is achieved by ensuring that all the salts from the cell suspension have been removed. Because media used to grow E. coli contain added salt (0.5% or 1% NaCl in LB medium) (1, (3) (4) (5) , the salt must be removed by extensive washing with large volumes of water or low ionic strength buffer containing glycerol (1,3) and multiple steps of centrifugation and suspension. These steps are time-consuming, salt removal is not reproducible and extensive washing and resuspension steps can result in contamination and lower electroporation efficiencies due to lower cell viability.
R. Brooks
In our earlier studies we extensively used a rich growth medium (yeast extract and nutrient broth, YENB) that was not supplemented with NaCl and was able to support vigorous growth of most E. colistrains, including recA strains (commonly used for electroporation) (7) (8) (9) (10) . In fact, certain E. coli mutant strains (e.g., ∆ polA ) that did not grow in LB medium containing added NaCl were able to grow normally in YENB with high viability (6). Here we describe a simple method to prepare electro-competent E. coli cells that employs rich growth medium (YENB) without added NaCl. Our method also makes it possible to prepare electro-competent cells from bacterial strains that do not grow (or grow poorly) in growth medium with added salt. However, our method worked well for all bacterial strains used.
Preparation of Cells
We have routinely usedE. coli strain WM1100, a recAderivative of MC1061 (2) . This strain carries a tet r marker and
